We studied the inhibitory effect of Cladosiphon fucoidan on the attachment of Helicobacter pylori (H. pylori), a gastroduodenal pathogen, to human gastric cell lines. The bacterial binding in these cell lines was inhibited more by Cladosiphon fucoidan (IC50=16-30mg/mL), than by the fucoidan from Fucus (IC50>30mg/mL). Dextran sulfate, another sulfated polysaccharide, did not inhibit the binding at all. Pre-incubating the bacterial suspension with fucoidans reinforced the inhibitory ability of these components, and reduced the IC50 value of Cladosiphon fucoidan to approximately 1mg/mL. However, the binding was not inhibited by pre-treatment of gastric cells with these com ponents. It was also shown that this fucoidan blocks both Leb and sulfatide-mediated attachment of H. pylori to gastric cells. Furthermore, fucoidan-binding proteins were found on the H. pylori cell surface by Western blot analysis. Thus, the inhibitory effect exerted by Cladosiphon fucoidan on binding between H. pylori and gastric cells might result from the coating with this component of the bacterial surface.
Inhibitory effects of carbohydrates on the binding between H. pylori and sulfatide coated plates As shown in Fig. 4 , a potent inhibitory effect on the binding between H. pylori and sulfatide was observed for dextran sulfate. Cladosiphon fucoidan also blocked binding at higher concentrations. Inhibitory effects were not observed for other carbohydrates (i.e., fucose monomer, dextran and galactose). Binding of fucoidan to H. pylori surface proteins Surface proteins of several H. pylori strains, isolated from different gastric ulcer patients, were prepared as described in Materials and Methods, and the protein contents were adjusted to 1.5mg/mL. These materials were applied to SDS-PAGE and transferred onto PVDF membrane (Fig. 5A) . To reveal non specific immuno-staining, the blotted membrane without fucoidan exposure was treated with anti-fucoidan and a secondary antibody for staining. Few non specifically stained bands were observed (Fig. 5B) . Only the fucoidan-bound components in the H. pylori surface protein were detected by this procedure after fucoidan exposure onto the blots. As shown in Fig. 5C , several fucoidan-binding components were observed in the surface proteins of all H. pylori strains.
DISCUSSION
In this study, we examined the inhibitory effects of several carbohydrates on the attachment of H. pylori to cells in human gastric cancer-derived cell lines. As described above, significant effects were observed for fucoidans from seaweed. In particular, the fucoidan from Cladosiphon okamuranus TOKIDA potently inhibited H. pylori attachment both to MKN28 and to KATO III cells. As the H. pylori strain used in this study was freshly isolated from a peptic ulcer patient, these results might reflect the preventive efficacy of fucoidans, especially for Cladosiphon, against H. pylori infection. The ability of fucoidan to block bacterial binding was reinforced by pre-incubation with bacteria (Table 1) . However, the pre-treatment of gastric cells with fucoidan did not affect H. pylori attachment (data not shown). These results suggest that fucoidan binds to H. pylori and consequently blocks bacterial attachment to the gastric epithelium. 
